Introduction
Small-scale spatial heterogeneity is receiving increasing attention as an important environmental feature affecting the ecology and evolution of plants and animals (see Strobeck 1974 , Wilson 1980 , Turkington and Aarssen 1984 . Spatial heterogeneity of the physical environment may promote heterogeneity of the biotic environment which, in turn, differently affects the performance and fate of individuals in different parts of the local environment. For example, Dirzo (1984) has suggested that spatial heterogeneity in regimes of herbivory upon individuals of Trifolium repens within a population Accepted 14 September 1987 ? OIKOS would select for well defended plants in areas where herbivore pressure is high, and for competitive plants (though poorly defended) in areas of low pressure. Likewise, Coley (1983a) suggests that spatial heterogeneity could account for the great variation in herbivory rates found among conspecific individuals in tropical rain forests.
In tropical rain forests, the continuous production of natural disturbances generated by tree-or limb-falls is a process that causes a great degree of spatial heterogeneity (Whitmore 1975 , Brokaw 1982a , b, 1985 , Martinez-Ramos 1985 . Such heterogeneity has been considered as a fundamental factor promoting and maintaining much of the tree species-richness that characterizes these communities (Connell 1978 , Denslow 1980 . Indeed, Orians (1982) suggested that the heterogeneity created by tree fall gaps could enhance the rich flora of tropical forest systems; moreover, he has stressed that the gap itself has an internal spatial heterogeneity (the root, the bole and the crown zones of the fallen tree) with different environmental regimes which could lead to the "specialization" of pioneer (colonizing) species into different "guilds" that survive and grow better in a particular zone of the gap. An extension of this argument would imply that different pioneer species should have different success in different zones of the colonizable gaps (see Orians 1982) .
While several authors have documented the marked differences in the floristic organization of the tropical rain forest as a whole, as influenced by the occurrence of tree fall gaps (Aubr6ville 1938 , Richards 1952 , van Steenis 1958 , Schulz 1960 , Whitmore 1975 , Halle et al. 1978 , very few data have been provided regarding the floristic differences that may occur within a given rain forest gap. With a few exceptional cases (e.g., Brandani et al. 1987) , not only is the existence of marked floristic contrasts between different zones of the gap poorly documented, there are also essentially no data demonstrating that different colonizing species establish preferentially in different gap zones and/or whether they perform differently and have therefore different success within the spatial heterogeneity of the gap.
In the present paper we report data of a study directed to assess 1) whether there are different floristic assemblages in different zones of a gap by looking at the community of seedlings that colonize the gap; 2) the performance, in different zones of a gap, of the seedlings of two selected species in the tropical rain forest of Los Tuxtlas, in southeast Mexico. For the floristic analyses we carried out surveys of the seedlings present in two contrasting zones of the gap (the root and crown zones of the fallen tree), at different times soon after the gap was created. For the analysis of seedling performance we monitored survival and growth of two species in the two gap zones (root and crown). Additionally, we measured herbivory as an environmental factor affecting the performance of the species because it has been argued that this is an important factor in the ecology of gap-colonizing species in tropical rain forests (Hartshorn 1978 , Coley 1980 , 1983a .
Materials and methods
The study site
The study was carried out at Los Tuxtlas Tropical Research Station, located in the State of Veracruz, in southeast Mexico. The vegetation of the area is wet tropical rain forest. The forest is rich in species with trees of up to 35 m (Pifiero et al. 1977) . The mean yearly temperature is 27?C; total yearly rainfall averages 4700 mm. The area has a short "dry season" (around MarchMay) in which rainfall is reduced but not absent, and a long wet season that extends to the winter months (December-February) . This winter season is of great ecological importance for the zone; during this time of the year strong northerly winds (locally called "nortes") are common and are associated with marked decreases in temperature (6?C on average; minimum records as low as 10?C); this season accounts for up to 18% of the total yearly rainfall. Other details of the vegetation and the physical environment are described in Lot-Helgueras (1976) and Pifiero et al. (1977) .
An important feature of the site is the considerable occurrence of natural disturbances due to tree-or limbfalls. The forest is extremely dynamic, with an estimated average turnover rate of 67 yr on average for different zones of the forest (Martinez-Ramos and Alvarez-Buylla 1986). The major occurrence of these disturbances is in the wet season but with a marked peak in the months of November-February, corresponding to the season of "nortes".
The study gaps For this study two large gaps (ca. 600 m2 each) were used. One of these (site I) was created in July 1982 by the fall of a large Ficus sp. (Moraceae) tree. The other gap (site II) was opened on October, 1981, by the fall of a large Spondias radlkoferii (Anacardiaceae). The two gaps were east-west oriented, in direction of the slope. Both gaps had three distinct zones: root, bole and crown; however, only the root (in site I) and crown (in site II) zones were studied. The reason for using two different gaps was that colonization on the different zones starts at different times. In the crown zone of a given gap, colonization is delayed probably due to the instability of the substrate -branches, twigs, leaves are continuously breaking and decaying.
Four 1 m2 permanent observation quadrats (POQs) were established in each of the two zones. The POQs were marked by four aluminium pegs (1 m tall) sunk into the corners of the quadrat. A removable grid of 25 subquadrats (20 x 20 cm) temporarily attached to the pegs was used to locate the seedlings that established within the 1 m2 area. Soon after the establishment of the four POQs, one of them in the crown zone (site II) was destroyed due to the fall of a large branch, leaving only three POQs in this zone.
Floristic composition and structure of the seedling communities On all the POQs of both zones, a record was made of all the seedlings (> 5 cm height) present on three recording dates in relation to the time in which the gap of site I was formed: two months after (September, 1982) , seven months after (February, 1983 ) and one year after (July, 19* OIKOS 51:3 (1988) Tab. 1. Summary of the floristic parameters (no. of species, diversity index (H'), and evenness (E)) in the POQs from two tree-fall gaps at Los Tuxtlas during three recording dates. Mean values and their standard deviations are given for each zone (root, crown) on each recording date. 1983). The seedlings were identified to species or genus whenever possible (approx. 70% of the total). Those that could not be identified were given arbitrary code names.
In order to obtain a numerical idea of the structural organization of the seedling communities an importance value (IV) was calculated for each species on each POQ. The IV was defined (after Curtis 1959 , Kershaw and Looney 1985 , see also Sarukhan 1968 as:
where Fi, the relative frequency of the ith species, is the number of 20 x 20 cm subquadrats in which the species was present divided by the total number of subquadrats (i.e. 25); Di, the relative density of the ith species, is the number of individuals of the species per 1 m2 quadrat divided by the total number of individuals in the 1 m2 quadrat, and DXi, the relative dominance of the ith species, was the combined product of the plant's height x number of leaves x the estimated mean leaf area (defined as the sum of the products of leaf length and width), divided by the total dominance of all species.
Demography of two selected species
Two species, Cecropia obtusifolia Bertol. (Moraceae) and Heliocarpus appendiculatus Turcz. (Tiliaceae), were selected for a more detailed demographic analysis. These species were chosen because they are the most conspicuous arboreal elements in secondary vegetation, both naturally-and artificially-induced in southeastern Mexico (Ramos-Prado et al. 1982 , Nifez-Farfan 1985 . The seedlings of both species present in all POQs were individually numbered and marked with a plastic tag (Dymo); the precise location of each plant was marked on a map.
At monthly intervals we recorded plant survival, growth (measured by height, number of leaves, and mean leaf area) and an estimate of herbivory. Herbi-0.7r FEB-1983 JUL-1983 Fig. 1. Floristic Similarity (mean value of S0rensen's Index + 1 SD) between POQs located in the root zone (R), crown zone (C), and between POQs from the two zones (R-C) during three recording dates.
vory was estimated on the basis of categories (per leaf) of area eaten: 0, intact; 1, < 10%; 2, 10-25%; 3, 25-50%; 4, 50-75%; 5, 75-100%. The score of each individual leaf was used to define an index of herbivory (IH) per plant (and also per species) as:
where i is the category of damage (from 0 to 5), Li is the number of leaves in the ith category of damage and n is the total number of leaves on the plant. Similar indices have been used by other workers (e.g., Stanton 1975 , Fox and Morrow 1983 , Dirzo 1984 . Additionally, the occurrence of different types of damage by insects on the leaves, was also recorded.
Results

Structure and floristic composition
A total of 86 different species were recorded on all the POQs. Seventy-two different species were found in the root zone whereas the crown zone only had 33. A full list of the species is given in the Appendix. Thus, the two zones were colonized by a rich but numerically different floristic potential (Tab. 1). Throughout the study period there were marked differences between the zones in the mean number of species, number of individuals and diversity (as defined by the ShannonWiener index), with greater values always being found in the root zone. Statistically significant differences (P < 0.05) exist between the mean number of species and individuals in September, 1982 . In February, 1983 , the same tendencies remained and the diversity index was also significantly greater (t = 40.08, P < 0.01; see Poole 1974 for the test of comparison) in the root zone. All three parameters were again significantly greater (P < 0.05) in the root zone than in the crown zone on the third recording date. Some of the species that appeared throughout the study period were shared by both zones of the gap; however, many of them were exclusive to one or the other zone. This tendency was quantitatively assessed by means of S0rensen's Similarity Index (see GreigSmith 1983) . Fig. 1 shows the mean similarity value between the POQs of each zone (root, crown) and between the POQs of both zones for three recording dates. The floristic similarity was always greater within than between zones. The lowest similarity values were, on all three dates, those of the between-zone comparison. The greatest similarity was found among the crown zones. The order of floristic similarity was, for the three recording dates, crown zone > root zone > betweenzones. This result suggests that these two zones of a given gap are colonized by a different floristic assemblage that might determine a different floristic potential for gap regeneration. Fig. 2 shows a hierarchical arrangement of the most important species (up to ten) for each of the POQs of both sites at the three dates. The most noticeable feature of this analysis is the considerable skewness in the ordering of species, i.e., one (or a few) of the species present on each POQ is markedly "dominant". This is more evident in the crown (Fig. 2B ) than in the root zone ( Fig. 2A ). Other differences between the zones are also apparent. The single most important species in the root zone ( Fig. 2A) varied between POQs for a given date and between dates for a given POQ (e.g. POQs 1, 3 and 4), though in some cases (e.g. (POQ 2; Fig. 2A ) the single most important species remained throughout. The most important species in this zone included Cecropia obtusifolia (POQs 1 and 2 in Sep, 1982; POQ 2 in Feb and Jul, 1983) , Cissus gossypiifolia (POQs 3 and 4 in Sep, 1982) , Heliocarpus appendiculatus (POQ 3 and 4 in Feb and Jul, 1983) , and Robinsonella mirandae (POQ 1, Feb, 1983) . In great contrast, in the crown zone (Fig. 2B) , Cecropia obtusifolia was, by far, the most important species in all POQs on all recording dates. Other important species (although considerably less so than C. obtusifolia) were Acalypha skutchii and Hiraea fagifolia. H. appendiculatus, a very important species in the root zone, was among the ten most important species in four instances (POQ 1 in Sep 1982 and Jul, 1983; POQ 3 in Sep, 1982 and Feb, 1983) . Despite these marked differences between the two zones, C. obtusifolia and H. appendiculatus are clearly important floristic elements in the colonization of gapsthe former markedly so in the crown zone and the latter in the root zone.
The demography of C. obtusifolia and H. appendiculatus seedlings Plant survival and population dynamics
We followed the fate of individually marked seedlings of C. obtusifolia and H. appendiculatus, to gather basic demographic information on the dynamics of colonization. Tab. 2 shows the dynamics of the seedling populations of both species on both sites, on a per meter square basis. C. obtusifolia started with a much greater density than H. appendiculatus in both the root and crown zones. The densities of C. obtusifolia were, respectively, 5.5 and 13.6 times greater than those of H. appendiculatus at the beginning of the study. However, towards the end of the study period, 25 months later (October, 1984) , the density of H. appendiculatus was marginally greater than that of C. obtusifolia (1.25 vs 0.25 seedlings m-2) in the root zone. The survival of C. obtusifolia was extremely poor in the root zone. Most of the survivors were in the crown zone, whereas the opposite was true for H. appendiculatus.
The number of individuals lost from the populations between September 1982 and October 1984 was extremely high for C. obtusifolia (156) and small for H. appendiculatus (24). The percentages of survival of individuals from September 1982 to October 1984 (both sites pooled), were very low indeed: 5.9% for C. obtusifolia and 29.4% for H. appendiculatus. Although there were some recruitments for both species (Tab. 2), these were not enough to compensate for the intense mortality and hence the populations markedly declined.
The time-course of survival for both species in both zones is shown in Fig. 3 . C. obtusifolia (Fig. 3A) survived about equally well in both zones for the first 11 months after establishment but after this period the risk of death was considerably higher in the root zone, whereas survival decreased only slightly in the crown zone. By the end of the study (October, 1984) , survival was ca. 11% in the crown zone and less than 2% in the zone of the roots. In contrast, H. appendiculatus ( ulation had disappeared. On the other hand, death rates were much lower in the root zone, with about 40% of the individuals still alive at the end of the study. Thus, clearly there was a strong differential survival: C. obtusifolia survived better in the crown zone whereas H. appendiculatus did so in the root zone.
Herbivory and other possible causes of plant death Using the data on deaths occurring during two consecutive months, we assessed the possible causes of plant death (Fig. 4) . A considerable proportion of the plants of both species died of unknown causes. On a bimonthly basis, the percentage of plants that died due to unknown reasons ranged, for C. obtusifolia, from 30% (Feb-Mar, 1983 in the crown zone) to 80% (Aug-Sep, 1983 in the root zone). For H. appendiculatus (pooled data from both sites) the values ranged from 50 to 100%, although the much reduced number of plants (and deaths) in this species precludes a reliable assessment. For those plants whose causes of death could be identified with some certainty, the two main agents were traumatisms (injuries) and herbivory. Traumatisms were caused mainly by the fall of branches, twigs, loose stems of lianas, or other objects from the surrounding upper vegetation. In this category are included traumatisms associated with the breakage of unsuitable substrate (e.g. decaying branches), in particular in the crown zone. Herbivory-associated death includes defoliation and damage by pathogens that, in this forest, is largely associated with damage by defoliating !3, ~ insects (see Dirzo 1987) .
The foliage of C. obtusifolia presented a variety of types of damage (mining, skeletonization, cut edges, etc.) that varied from three to eight different types. For H. appendiculatus the corresponding range was also three to eight. However, despite this variety of types of damage, in general there was one (or few) predominant type(s) of damage so that the diversity of types of damUnknown age present on each month (Shannon-Wiener index) was rather low (range 0.36-2.72 for C. obtusifolia, 0.13-(defolition) 0.71 for H. appendiculatus (see Nufiez-Farfan 1985, Nu- n Troumot isms nfez-Farfan and Dirzo 1985) ). In all cases the evidence of damage was scars caused by insects (mainly Lepidoptera, Coleoptera, and Orthoptera) rather than by vertebrates (browsing, pull-out).
The levels of damage as defined by the index of herbivory (see Materials and methods) are shown in Fig. 5 . For C. obtusifolia there was a higher level of damage in the crown zone soon after the establishment of the seedlings, but later on the differences between zones were not so marked. Nevertheless, the overall difference is significant (Mann-Whitney's U = 31; P < 0.05), with plants in the crown zone having, in general, higher levels of damage. Additionally, there is evidence of seasonality in the levels of herbivory with a noticeable decline in the late dry season and early wet season (April-June). The index of herbivory ranged from 0.40 (equivalent to 4% leaf area damaged) at the beginning of the study for the plants in the root zone, to a maximum of 2.22 (equivalent to up to ca. 30%) some months Dec 1982 -Feb 1983 and Feb 1983 -Apr 1983 pooled values) after, in the zone of the crown. For H. appendiculatus in the root zone there was a steady increase in herbivory from 0.32 at the beginning of the study to 3.5 one year after. No seasonal changes in damage rates are evident in H. appendiculatus. In the crown zone there was an oscillating pattern of herbivory up to February 1983, after which all individuals in this zone died (cf. Fig. 3 ). The yearly averages of damage levels were 1.34 (equivalent to a maximum of 15.1% leaf area eaten) for C. obtusifolia and 1.33 (equivalent to a maximum of 15% leaf area eaten) for H. appendiculatus.
To assess the possible demographic impact of herbivory, a correlative analysis was made by separating the individuals of both species into three categories of damage (0-10, 10-50, > 50% of leaf area eaten) at a given point of time, and then calculating their probability of survival some time after. There were sufficient numbers to apply this analysis only for the period FebApr, 1983 (see Fig. 3 ), and only for C. obtusifolia. The results are shown in Tab. 3. The contingency analysis shows that heavily defoliated individuals (> 50% leaf area removed) had a significantly greater probability of death between recording dates, than those individuals that were undamaged or very slightly damaged (< 10% of leaf area eaten) (X2 = 15.3, P < 0.005). Individuals of intermediate levels of damage, contributed very little to the significance of the analysis. Moreover, since mortality is heavier in the crown zone at the period of this analysis (Fig. 3) it is likely that the intense herbivory (Fig. 5) is, at least partly, responsible for this mortality, while the heavier mortality that occurred towards the end of the study at the root zone (cf. Fig. 3) , is related to other causes.
Discussion
This study clearly demonstrates the existence of considerable differences in floristic/structural arrays and seedling performance associated with the internal spatial heterogeneity of gaps. Nevertheless, when interpreting the results of this study, it should be remembered that the comparisons between the gap zones were made using two different gaps. This study design was necessary because of the following difficulties: (1) at Los Tuxtlas the different zones of a gap (e.g., root, bole, crown) appear to be colonized at different times (J. Nufiez-Farfan, R. Dirzo pers. obs.). In general, the instability of the substrate in the crown zone delays colonization and establishment for several months. Thus, the study of different zones of the same gap, although more realistic, confound the effects of the spatial heterogeneity with those of temporal heterogeneity. (2) When a gap is produced, not always are its different zones suitable for study. For example, in the gap created by the fall of the Ficus tree (our site I), the crown fell on a locally steeper terrain that made the establishment of permanent quadrats very difficult and also not comparable to those of the root zone. Likewise, the root zone of the other fallen tree (our site II), was located close to the foraging area of a leaf-cutting ant colony that might have prevented the comparable study of seedling performance and herbivory. Our study emphasizes spatial heterogeneity by the use of two comparable gaps -both similar in size, orientation, soil, general topography and not too far apart (ca. 200 m) from each other. However, the study of experimentally created and controlled gaps (e.g., Smith 1987, N. Brokaw, pers. comm.) , may be a more suitable option.
Bearing these considerations in mind, however, a number of preliminary conclusions emerge from the study that warrant further work.
The analysis of the seedling community showed a marked contrast in the floristic assemblage of the root and crown zones. These results are in aggreement with those of Orians (1982) and Brandani et al. (1987) . The fact that we detected a very low floristic similarity between zones quite early in the colonization process ( Fig.  1) indicates that there might have been differential germination and establishment of seedlings. This suggests a number of studies directed to determine whether the floristic contrast is due to different seed banks and, if so, what determines the differences. The possibility that differential seed banks may be due to differential dispersal within a gap has not been studied so far. On the other hand, it is known that different species have seeds with different germination requirements, but the contrasts have been documented for seeds of pioneer vs not-pioneer species (Whitmore 1983, Vazquez-Yanes and Orozco-Segovia 1984) . Much less is known about differences in germination biology within the guild of early colonizing species.
The floristic differences were accompanied by structural contrasts in the colonizing guild; different, or even the same species in the two zones showed different orders of "dominance" (based on their value of importance). These structural contrasts may be due both to differential establishment and also to differences in plant performance between the zones. The latter was clearly illustrated by the demographic behaviour of C. obtusifolia and H. appendiculatus in the root and crown zones. It appears that the ecological characteristics of each zone constitute environmental regimes of contrasting hostility to each of the two species studied. What are the ecological features that determine these differences in plant performance? A number of obvious physical factors (soil conditions, light, substrate, etc.) may be quite different between the zones, and although detailed studies have been made on their spatial variation (e.g., Chazdon and Fetcher 1984) , no characterizations seem to have been made at this scale of spatial heterogeneity. Variation of nutrients in the soil (nitrogen and phosphorus) after the gap formation has been studied by Vitousek and Denslow (1986) . Their results indicate that there are differences in nutrient availability between zones within a gap. Thus, such results support our findings (see also Orians 1982, and Bazzaz 1984 , for hypothetical explanations). Likewise, biotic factors such as mycorrhizae, pathogens or herbivores, may differ and affect plants distinctly in the different zones of a gap. Again, these seem not to have been assessed at this level of heterogeneity.
We found differences in herbivory between the root and crown zones in the case of C. obtusifolia, the plants from the crown zone having a greater level of damage. Additionally, we found evidence that herbivory may increase the plant death rates and therefore, some of the differences in survival of C. obtusifolia between the zones may be determined by differences in herbivory pressure. Thus, as Hartshorn (1978) pointed out, the fate of individual plants within a gap may be determined by herbivores. Again, although spatial differences in herbivory have been found for tropical forest trees (Coley 1983a (Coley , 1987 , variation at this level of heterogeneity has not been documented previously.
Apart from the deaths due to unknown reasons and herbivory, trumatisms accounted for a large proportion of plant deaths in C. obtusifolia. This cause of mortality was more evident in the crown zone where the substrate is more unstable and where the twigs or branches of other neighbouring trees damaged by the falling crown regularly fall down. Nevertheless, most of the surviving individuals of C. obtusifolia were found in the crown zone; in H. appendiculatus, in contrast, though establishment was poor in the crown zone, none of those plants survived there (cf. Tab. 3). It appears that C. obtusifolia's prop roots, stem flexibility and reiteration capacity of the stem of this species allow it to survive in the unstable and accident-prone zone of the fallen crown. These characteristics do not seem to be present in H. appendiculatus.
The striking floristic and structural differences in the seedling community as well as the marked differences in their survival described here, point to the possibility that besides the much discussed and well-documented heterogeneity of tropical forests caused by forest gaps (Ricklefs 1977 , Strong 1977 , Connell 1978 , Denslow 1980 , Brokaw 1982b , Orians 1982 , Brandani et al. 1987 there is another source of spatial heterogeneity (Orians 1982) within gaps, that may play an important role in determining the success of particular species and may also, ultimately, affect the dynamics of the forest. Finally, the results of this study have some bearings on niche theory, because they suggests that two ecologically similar species divide up what might have been considered to be a uniform gap.
Appendix. Floristic list of the species present only in the root zone (R), only in the crown zone (C), or in both (B) zones of the trefall-gaps at Los Tuxtlas. Code numbers correspond to the species cited in Fig. 2 
